ABSTRACT
inTRodUCTion
The role of sputum sampling in the management of lower respiratory tract infection (LRTI) has been controversial for some time. Evidence suggests that sputum sampling has low sensitivity, specificity and impact on treatment decisions. [1] [2] [3] [4] Ideally antibiotic treatment should be tailored to the causative pathogen but at presentation the aetiology is rarely known, and patients therefore commonly receive empirical, often broad-spectrum antibiotics.
In theory, a pathogen-directed approach to treatment has many advantages such as narrowing the therapeutic index of antibiotics, thus reducing adverse events and the risk of antimicrobial resistance. In addition, it allows the identification of unusual or unexpected pathogens, antibiotic-resistant organisms or those of epidemiological or public health significance. In practice the diagnostic usefulness of sputum cultures is limited by use of prior antibiotics, 5 or the patient's inability to produce sputum. Generally, when sputum is obtained, the proportion of 'high quality' samples ranges from 25-60%, though higher rates have been reported. [6] [7] [8] [9] [10] [11] The variable yield in sputum cultures is also influenced by the transport, processing and interpretation of samples.
With the resultant low diagnostic yield and minimal impact on therapeutic decisions, routine sputum cultures have been discouraged. The Infectious Diseases Society of America/American Thoracic Society guidelines recommend that sampling in hospitalised adult patients be restricted to those able to provide a high quality pretreatment specimen and where quality performance measures for sputum collection, transport and processing of samples can be met, particularly in patients with severe community-acquired pneumonia (CAP). 12 The British Thoracic Society similarly recommend that in hospitalised adults, samples should only be sent from patients able to expectorate purulent samples, who have not received prior antibiotics, or who have failed to respond to initial therapy, or have severe CAP.
tests. High quality, informative and diagnostically useful sputum sampling is non-invasive, and should be achievable with relatively little staff training.
With this background in mind the main objective of this study was to evaluate the practice of sputum sampling, then to determine whether a simple education programme could impact upon the quality and cost of sampling.
MATeRiAlS And MeTHodS

Study design
A prospective observational study was performed over ten weeks during the winter. Data were collected on consecutive sputum samples sent for microbiological analysis from the Acute Medical Assessment and Respiratory Units of an 865-bed teaching hospital. On the basis of the data collected, an educational package was distributed to staff in the two units concerned. The study was then repeated, using an identical format, in the same two units over ten weeks of a subsequent winter period.
Data collection and definitions used in the study
Patient demographics, prior use of antibiotics, current treatment and drug charts were monitored until the patient was discharged from hospital or death. Times of sample production, delivery to the laboratory and the issuing of microbiology reports were recorded. Samples were excluded from analysis if patient information was unavailable. Samples requesting analysis solely for mycobacteria were also excluded.
The microbiological quality of sputum specimens was recorded (based on macroscopic appearances) as salivary, mucoid, mucopurulent or purulent by trained staff in the Department of Clinical Microbiology. In our institution routine Gram staining of sputum samples is not performed.
The following definitions were determined prior to the commencement of the study:
• Working diagnosis: the diagnosis made by the first senior physician to assess the patient clinically.
• Appropriate sample: any sample taken prior to the start of antibiotics or where failure to improve despite appropriate antibiotic treatment was documented.
• Inappropriate sample: any sample taken after the initiation of antibiotic treatment; any sample received in the laboratory more than 48 hours after expectoration; samples sent within three days of an appropriate sample being submitted; and samples considered to consist of saliva according to laboratory staff.
• Positive culture: the isolation of a respiratory tract pathogen. • Negative culture: no growth; growth consistent with upper respiratory tract flora; or growth of coliforms and/or yeasts in patients already receiving antibiotics.
Educational material issued as a result of the first round of sampling A single-page document was prepared, summarising the rate of inappropriate sputum sampling and outlining criteria for appropriate sampling. The sheet was distributed to each nursing bay and each doctors' room in the two clinical areas involved. The purpose of the summary was discussed with staff at the time of distribution and reinforced at a hospital 'grand round'. Staff were asked to display the summary sheets in a prominent place within their working area, and were informed that the effectiveness of sampling would be recorded in the future at an unspecified time. The second round of the observational study was performed four weeks after distribution of the educational material.
Cost analyses for both periods of collection were performed using the prices of sputum samples in our hospital at the end of the second round of sampling. The overall cost of processing a sputum sample was £16.03.
Statistics
Descriptive data are presented as means +/-standard deviation (SD) or range, where appropriate. Categorical variables were compared using the chi-squared test or Fisher's exact test, where appropriate. The level of significance was set at p<0.05. All statistical values were calculated using a statistical software package.
ReSUlTS
In the pre-intervention study, 417 consecutive sputum samples from 263 patients were sent for microbiological analysis. A total of 44 samples from 33 patients were excluded because of incomplete or missing clinical records; 26 samples were processed solely for mycobacteria and were excluded from analysis. Final analysis therefore involved 347 sputum samples from 221 patients.
In the post-intervention study, 169 consecutive sputum samples were submitted, of which 12 were excluded due to incomplete clinical data; 24 samples processed solely for mycobacteria were excluded. Final analysis therefore involved 133 samples from 121 patients.
The total numbers of patients managed in the relevant units during the study periods were 3,642 for the preintervention and 3,459 for the post-intervention study. The two study groups were similar with regard to age, sex distribution and the proportion of samples derived from each hospital unit (Table 1 ). The range of working diagnoses in the two study periods was also similar, though exacerbations of asthma were diagnosed more frequently in the post-intervention period ( Table 2 ).
The proportion of samples yielding a positive result was similar in both study periods (Table 3 ). The frequency of isolation of individual pathogens was generally conserved in the two study periods. However Streptococcus pneumoniae was significantly more likely to be isolated in the first study period and Pseudomonas aeruginosa in the second. There was a trend towards more frequent isolation of Moraxella catarrhalis in the first period. No sputum sample grew more than one pathogen in the post-intervention period, whereas 20 samples grew two pathogens in the pre-intervention period. Nine samples were positive for Mycobacterium tuberculosis in the preintervention period (Table 3 ). These were derived from two patients, who submitted four and five positive samples, respectively. No samples were positive for M. tuberculosis in the post-intervention period.
The appropriateness of sputum sampling and the influence upon clinical decision-making is illustrated in Figure 1 . In the pre-intervention study 39.5% of samples were considered appropriate whereas 60% were considered appropriate in the post-intervention study, p=0.001. In the pre-intervention study, submission of an appropriate sample was more likely to yield a positive culture (45% of samples) than an inappropriate sample (26%) (p<0.001). In contrast, the post-intervention study was characterised by an equal proportion of positive cultures among samples considered to be appropriate (30%) or inappropriate (32%) (p=0.84). When considering both cycles together, the relative risk of producing a positive result from an appropriate sample was 1.51 (95% CI: 1.03 to 2.21; p=0.0312). In contrast, the relative risk of producing a positive culture result from an inappropriate sample was 0.82 (95% CI: 0.52 to 1.28).
In the pre-intervention study the principal reason for inappropriate samples was collection after initiation of antibiotics (84.7%), followed by duplicate samples (11.9%), salivary samples (1.9%) and samples that arrived in the laboratory beyond 48 hours (1.5%). In the post-intervention study the corresponding reasons were samples taken after antibiotics were started (85%) and duplicate samples (15%). No salivary samples were received.
In terms of patient management, in the pre-intervention study 23 appropriate sputum samples (16.8%) and 22 inappropriate sputum samples (10.5%) appeared to direct a change in antibiotic prescription. In the postintervention study three appropriate samples (3.8%) and one inappropriate sample (1.9%) appeared to result in a change in antibiotic prescription.
The proportion of samples that a) were considered appropriate and b) grew a pathogen was 17.9% (62 of 347 samples) in the pre-intervention period and 18.0% (24 of 133 samples) in the post-intervention period.
diSCUSSion
Our data suggest that in the absence of specific education, a high proportion of inappropriate sputum samples are sent to diagnostic laboratories, incurring costs that could be diverted to other health services. However a simple and inexpensive intervention led to a significant decline in the number of samples and an associated cost saving.
Furthermore, the proportion of samples considered 'appropriate' was significantly increased after the intervention. During both cycles of the study, 'appropriate' samples were significantly more likely to yield a positive culture result than 'inappropriate' samples, broadly in keeping with findings in patients with chronic obstructive pulmonary disease (COPD). 14 Other studies have shown that the quality of sampling improves after an educational intervention similar to the one used in our study, 6 and that diagnostic yield for S. pneumoniae can potentially increase substantially with improvement in sputum quality. 15 In general our findings are supportive of literature showing that sputum samples have little overall impact upon practical management of patients. [2] [3] [4] 16, 17 Prior to our intervention approximately 13% of sputum samples (45/347) appeared to lead to a change in management, but half of these samples were 'inappropriate'. Even fewer samples (around 3%, 4/133) directly altered prescribing after the intervention.
It may however be useful to consider the relative importance of culture results in their specific context. 
Improving the use of sputum cultures in lower respiratory tract infection
For example, it could be argued that a sputum sample which is both appropriate and grows a pathogen is clinically useful whether antibiotics are changed or not, on the grounds that such samples can improve physicians' confidence to continue existing therapy. If this argument is accepted, the proportion of 'useful' samples remained constant at 18% pre-and postintervention, despite the significant reduction in samples submitted. Nevertheless, it is interesting to observe that the proportion of inappropriate samples due to collection after initiation of antibiotics remained constant during both study periods.
In contrast, it could be argued that alterations in management based on 'inappropriate' samples represent a clinical risk. In this regard, before intervention 10.5% of samples led to a change in antibiotics based on inappropriate samples, as compared to 1.9% postintervention. It therefore appears that our intervention reduced the number of inappropriate samples submitted, and was also associated with improved management outcomes. We cannot be absolutely certain however that positive cultures in inappropriate samples never represent pathogens.
Our results suggest reluctance among physicians to alter therapy based on a negative sputum culture. Patient management was influenced in only 4% of cases of negative cultures (13/322) when considering both cycles together. We do not have precise data regarding how many of these patients were given empirical antibiotics, but certainly over half had been prescribed antibiotics empirically. These data suggest that physicians remain reluctant to discontinue antibiotics once they are started, even when cultures are negative. The reasons around this are probably multi-factorial, one potentially being a lack of confidence in the quality of samples being sent. The implication however is that there is scope for a further reduction of inappropriate antibiotic prescription in patients with suspected LRTI.
While our results reveal some clear patterns, there were also some limitations in our study. Firstly, while our data point to a clear reduction in inappropriate sampling, we cannot exclude the possibility that in some cases samples that would have been appropriate and culture positive may potentially not have been submitted in the post-intervention period. While the post-intervention period was associated with a 75% reduction in inappropriate samples (from 210 to 53), the number of appropriate samples fell from 137 to 80. The significance of this is unclear and we cannot make meaningful inferences from this study, as we have no data on outcomes in patients with possible LRTI who had no sputum sampling, nor do we know how many of this cohort received antibiotics in either study period. Our most informed opinion is that empirical antibiotics are relatively widely used in patients with possible infection but no sputum sample, potentially reducing the impact of 'missing' a few genuine positive samples in the postintervention period.
Secondly, this was a single-institution study, in which we only studied two units (those which we believed to be submitting sputum samples most frequently) over two time periods. Although we studied two winter periods of equal length, we cannot entirely exclude the possibility that the pool of pathogens in the community was different in each period. Our results (Figure 1 ) suggest that 45% of appropriate samples were culture positive in the pre-intervention period, as compared with 30% in the post-intervention period, potentially implying exposure of the community to more (and/or more virulent) organisms in the former. While this phenomenon might potentially bias the absolute number of samples taken in favour of the intervention, it should not influence the ratio of appropriate to inappropriate samples. Furthermore, influenza activity was known to be at similarly low levels in both study periods, perhaps making it less likely that results were influenced by significant variations in exposure of the community to respiratory pathogens. Importantly, while our findings suggest that our intervention can reduce the proportion of inappropriate samples, and potentially reduce changes in management based on inappropriate samples, it would clearly take a much larger, more complex and longer study to prove that beneficial changes in appropriateness of sampling convert into improvements in hard clinical outcomes.
Third, our study was not designed to establish whether, or how rapidly, the beneficial effects of our intervention declined over time. One study has suggested that longterm changes in practice are harder to influence. 6 Future studies should consider longer follow-up periods to determine the duration of the intervention effect, and whether reinforcement is required (and if so, how often). Fourth, we assessed changes in management based on prescription charts, and we have no data on why decisions to change treatment (or not) were made.
Finally, while we regard the decision to consider all sputum samples sent from the two units to be a strength (reflecting 'real life' clinical practice rather than focusing on any specific clinical diagnosis), we acknowledge that this approach brings its own constraints. For example, the exclusion of samples sent for mycobacterial analysis prevents the study from reflecting every patient with suspected LRTI. We excluded mycobacterial analysis specifically in order to avoid confounding our data with a distinct subgroup of patients who by definition would have multiple samples sent where possible. Furthermore, our study did not have the capacity to address the utility of sputum in diagnosing 'atypical' pathogens or viruses, which are increasingly recognised as contributing to LRTI. 18, 19 In summary, a simple educational intervention can be associated with a significant reduction in the number of inappropriate sputum samples sent to the laboratory, with a higher yield of positive cultures in appropriate samples, and possibly with improved management decisions based on 'inappropriate samples'. Further studies will be required to determine whether this approach is sustainable and whether it can influence clinical outcomes.
